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How might our techniques be usefulg
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Levitatedoptomechanics

Cooling and trapping particles
levitated in vacuum

High Q oscillators sensitive to
external forces

6 important motional degrees of
freedom



























Characterisation
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Can we can differentiate between particles with
different shapes?

Can we use to identify any shape?




Characterisation
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Levitodynamispectroscopy o
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Levitodynamicspectroscopy
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Angular scattering
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Ellipsoid
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Single nanoparticle

characterisation
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Cooling via collisions

A levitated atom-nanosphere hybrid quantum
system

To cite this article: A Hopper and P F Barker 2024 New J. Phys. 26 013015

C=a*n*+1)/(n*+2)



Cold atoms He*
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Repulsive potential
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Bound states

Fotential {mik)

Combining repulsive and attractive potentials

60t

i
]

M
=

=

|
M
=

Uo(r) = 3(Ugr — Ua) +6
| o UnCRER — UaChR%

+

+

100 150 200

r (nmyj

,UrCrkfy — UsCakh

UrC% — UaC% CasimitPolder Optical
: 1 U o &
X —
UA X 5 R r
7"
2 2
kr <k

 UrCrk%, — UaCaky







Interferometry?

He* J=1M =1,0,1

Trapfreq 100 Hz10KHz

Particle oscillation of a few microns is
much less than optical field extension

B gradient field for transverse®&
Creation superposition d¥l= 1;1
Allow to fall in trap

SG creates COM superposition

Close interferometer and measure phase
change

PHYSICAL REVIEW RESEARCH 3, 033218 (2021)
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Dark matter landscape
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Directionality
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Stateof-the-art

DM-neutron cross section, ox, [cm?]

DM mass, My, [GeV]

Search for Composite Dark Matter with Optically Levitated Sensors

Fernando Monteiro, Gadi Afek, Daniel Carney, Gordan Krnjaic, Jiaxiang Wang, and David C. Moore
Phys. Rev. Lett. 125, 181102 — Published 28 October 2020



Experimental Procedure 4

Post process:

Trap Characteris 'V'O”'to'f Impulse
. . nanoparticl .
nanoparticl nanoparticl . detection and
position

reconstruction
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Experimental Setup




Feedback Cooling
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https://inspirehep.net/literature/486941




